INTRODUCTION
Coronary atherosclerosis is a pathological change associated with coronary heart disease (CHD). Coronary artery calcification (CAC) is a major diagnostic marker of CHD. The identification of CAC could be useful in the detection of coronary atherosclerosis and the identification of disease degree (Goldstein and Scalia, 2004) . Multiple factors influence the induction and development of CHD. The adipokine visfatin, an adipocyte factor with the ability to reduce the blood sugar content (similar to insulin) (Tarride et al., 2009; Shaker et al., 2011) and to improve the synthesis and storage of adipocyte (Bulcão et al., 2006) , was first identified by Fukuhara et al. (2005) . Adipose tissues are sources of energy as well as the hormone leptin (Zhang et al., 1994; Bountouris et al., 2009 ). Previous studies (Fried et al., 1998; Blüher, 2013) have indicated that adipokines, which are signaling proteins secreted by the adipose tissue and visceral fat, perform versatile regulatory functions during the various stages of multiple diseases including obesity, diabetes, inflammation (Moschen et al., 2007) , metabolic disorders (Dahl et al., 2007; Shaker et al., 2011) , endothelial dysfunction (Dahl et al., 2007; Filippatos et al., 2010 Filippatos et al., , 2013 , atherosclerosis, hypertension, and ischemic reperfusion injury (Karaduman et al., 2006; Dahl et al., 2007; Tousoulis et al., 2008; Filippatos et al., 2013) . However, the role of visfatin in these diseases may be pleiotropic.
The study of the correlation between visfatin and CAC remains largely ignored. Specifically, no previous study has attempted to elucidate the association between serum visfatin levels and the related single nucleotide polymorphisms (SNPs; rs61330082, rs2058539) and CAC in patients from Wenzhou, China. In this study, we investigated the association between serum visfatin levels and its SNPs at rs61330082 and rs2058539 and CAC in patients from the Wenzhou region, in order to analyze and identify the genetic variants at rs61330082 and rs2058539 in this population.
MATERIAL AND METHODS

Patients and diagnostic criteria
We recruited 206 CAC patients (127 males, 79 females) hospitalized at the Wenzhou Medical University Second Affiliated Hospital between January 1, 2008 and December 31, 2012 to this study. Seventy healthy volunteers (41 males, 29 females; average age 65.21 ± 10.82 years) were included as controls. This study was approved by the medical Ethics Committee of the Wenzhou Medical University Second Affiliated Hospital. Informed consent was obtained from all patients and volunteers.
The patients were diagnosed with CAC by coronary angiography, and were divided into two groups, based on the severity of CAC: mild CAC (MCAC: 60 males, 39 females; average age 58.56 ± 10.73 years) and moderate and severe CAC (MSCAC: 67 males, 40 females; average age 69.30 ± 11.49 years). The patients were included if the degree of stenosis was ≥50% of the diameter of the main branch of the coronary artery. Patients with diabetes; those with acute or chronic infections 1 month prior to the angiography; patients who had undergone an operation or trauma at least 3 months prior to the angiography; patients with chronic connective tissue or valvular heart diseases; patients with cancer or tumors; and those with severe renal dysfunction were excluded from the study.
Clinical data
The gender (male/female), age, waist circumference (WC), and body mass index (BMI); fasting blood glucose (FBG), uric acid (UA), urea nitrogen (UN), creatinine (Cr), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), high-sensitive C-reactive protein (hsC-RP), and urinary albumin (Alb) levels; and insulin resistance index (IRI) of all patients and volunteers were determined using standard tests, and reported as means ± standard deviations (Table 1) . MCAC = mild CAC; MSCAC = moderate and severe CAC; WC = waist circumference; BMI = body mass index; FBG = fasting blood glucose; UA = uric acid; UN = urea nitrogen; Cr = creatinine; TG = triglyceride; TC = total cholesterol; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; hsC-RP = high-sensitive C-reactive protein; Alb = urinary albumin, IRI = insulin resistance index. *P < 0.05 compared to the control group. 
Coronary angiography
The right femoral arteries of all patients were examined using Judkin's method (Garrett et al., 1974) . Each vessel expressed at least two postural projections. The results were judged, and agreed upon, by two chief physicians with more than 20 years of experience.
CAC diagnostic criteria
Patients were categorized based on the degree of calcification in their coronary artery into four groups (Gulati et al., 2005) : without calcification: without shadow; mild calcification: with slight and fuzzy shadow in the beating heart; moderate calcification: with a slightly clear shadow in the beating heart; and severe calcification: with clear shadow despite the beating of the heart.
All healthy volunteers also received a coronary angiography (employing the same method); the liver function, Doppler echocardiograph, and electrocardiogram, of all volunteers were normal; moreover, the volunteers did not display CAC or coronary atherosclerosis.
Sample collection
Venous blood samples were collected after a 12-h fast from all patients and volunteers, in tubes (BD Biosciences, Franklin Lakes, NJ, USA). Ethylenediaminetetraacetic acid (EDTA; Solarbio Technology Co., Ltd., Beijing, China) was added to each blood sample.
Detection of serum visfatin levels
The blood samples (3 mL) were centrifuged at 3000 rpm for 10 min and the supernatant was collected from each tube. Serum visfatin levels were detected using a standard enzyme-linked immunosorbent assay kit (TaKaRa Bio Inc., Dalian, China) according to the manufacturer instructions.
Genomic DNA extraction and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
Genomic DNA was extracted from 2 mL blood using a standard DNA extraction kit (Thermo Fisher Scientific, St. Louis, MO, USA) according to the manufacturer protocol, and stored at -80°C.
The primers were designed by Invitrogen TM (Life Technologies, Carlsbad, CA, USA) ( Table 2 ). The 50-mL PCR system (Table 3) was prepared using a standard PCR kit (Thermo Fisher Scientific) according to the manufacturer instructions, and the reaction conditions were set as summarized in Table 4 . The PCR products were digested with a restriction endonuclease ( Table 5 ). The PCR products (5 mL) were then separated on a 1.8% agarose gel with 1 mL loading buffer. The restriction-digested products (6 mL) with MvaI and HphI were separated and analyzed on 2% agarose gel. 
Statistical analysis
All data were analyzed using SPSS v.13.0 (SPSS Inc., Chicago, IL, USA). All data are reported as means ± standard deviation. The differences in clinical data and serum visfatin levels between groups were determined by an independent-sample t-test. One-way analysis of variance was used to compare data among the three groups. The chi-squared test was used to analyze the enumerated data. The correlation between serum visfatin levels and clinical data was determined by multiple-linear regression analysis. The conformance of the genotype frequencies to the Hardy-Weinberg equilibrium was also analyzed. Differences with P values <0.05 were considered to be statistically significant.
RESULTS
Comparison of clinical data
The clinical data of subjects in the MCAC and MSCAC groups were compared to those of individuals in the control group; we observed no significant differences in the WC, BMI, FBG, UA, UN, Cr, TC, HDL-C, LDL-C, hsC-RP, and Alb levels. However, the TG (P < 0.05) and IRI (P < 0.05) levels were observed to differ significantly (Table 1) .
Comparing the serum visfatin levels
The serum visfatin concentrations in the MCAC and MSCAC groups were 29.03 ± 1.87 and 30.58 ± 6.12 ng/mL, respectively, which were significantly higher than those observed in the control group (24.45 ± 5.44 ng/mL; P < 0.05). However, we observed no significant difference between MCAC and MSCAC groups.
Correlation between visfatin levels and clinical data
The serum visfatin level was significantly positively correlated with the BMI, HDL-C, and IRI levels (P < 0.05), and significantly negatively correlated to the TG level (P < 0.05). We observed no significant correlation between the serum visfatin level and other clinical data (Table 6 ).
WC, waist circumference; BMI, body mass index; FBG, fasting blood glucose; UA, uric acid; UN, urea nitrogen; Cr, creatinine; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein cholesterol; hsC-RP, high-sensitive C-reactive protein; Alb, urinary albumin, IRI, insulin resistance index. *P < 0.05 compared to the control group. 
PCR-RFLP
The PCR products were analyzed on 1.8% agarose gel; the visfatin gene fragments rs61330082 and rs2058539 were 344 and 273 bp in length, respectively.
Restriction digestion of the PCR products rs61330082 and rs2058539 with MvaI and HphI yielded 3 (344, 233, and 111 bp) and 2 (122 and 151 bp) bands on 2% agarose gel, respectively.
Comparison of the genotype and allele frequencies
The MSCAC and MCAC groups displayed significant differences in the genotype (c 2 = 27.985) and allele (c 2 = 23.101) frequencies of rs61330082 (P < 0.05); however, the genotype and allele frequencies of rs2058539 did not differ significantly among the groups (Tables 7 and 8 ). A higher percentage of patients in the MSCAC group expressed the C allele (while the percentage of expression of the T allele was lower), compared to the individuals in the control and MCAC groups. On the other hand, the expression of the C allele was higher in patients in the MCAC group, compared to the A allele. 
Conformance with the Hardy-Weinberg equilibrium
The genotype frequencies in the 206 patients and 70 volunteers were in conformance with the Hardy-Weinberg equilibrium, indicating the representativeness of these samples.
DISCUSSION
Visfatin is a cytokine that modulates nicotinamide phosphoribosyltransferase (NAMPT) activity in visceral adipose tissue and is secreted by lymphocytes activated at the bone marrow stromal cells. The 37.4-bp long visfatin gene, located between q22.1 and q31.33 on chromosome 7, is composed of 10 introns and 11 exons (de Carvalho et al., 2006) . Chang et al. (2010) reported that visfatin promotes angiogenesis through the NF-kB and PI3K pathways, while Lu et al. (2009) showed that visfatin is an independent risk factor of coronary disease by demonstrating that patients with acute or chronic coronary disease (diagnosed by coronary angiography) showed higher levels of visfatin than individuals in the control group. Meanwhile, Garten et al. (2010) discovered a positive correlation between visfatin and LDL-C levels, and a negative correlation between visfatin and TG. However, Costford et al. (2010) reported a positive correlation between FBG and TG and visfatin, and a negative correlation between LDL-C and visfatin in obese patients. The TT genotype of the -4689 G/T SNP in the promoter region of the visfatin gene has been reported to influence the blood lipid levels, obesity, and insulin resistance (Berndt et al., 2005) , while the GG genotype at this polymorphic site was only correlated with the fasting insulin levels.
Several previous studies have attempted to identify the correlation between serum visfatin levels and CHD; however, there are relatively fewer studies analyzing SNPs in the visfatin gene, specifically, the correlation between visfatin gene polymorphisms and CAC.
Several experts are currently investigating the use of CAC to evaluate the risk of CHD, especially because of the poor prognosis of CHD patients with CAC. The degree of CAC is also associated with arterial stenosis, in addition to CHD. In this study, we identified a positive correlation between the serum visfatin levels and the extent of CAC; that is, the serum visfatin levels increased with CAC development, as reported by Kadoglou et al. (2011) . Pagano et al. (2006) reported a significant increase in the visfatin mRNA levels in the visceral adipose tissue of patients with obesity, in correlation with the BMI and distribution of adipose tissue (Berndt et al., 2005; Kamińska et al., 2010; Unlütürk et al., 2010) . We observed a positive correlation between the serum visfatin levels and increased BMI, in addition to the association between these levels and CAC degree; that is, the BMI was an independent risk factor for CHD. This indicated that obesity is a basic risk factor for CHD, CAC, and diabetes.
Previous studies on diabetes (Kang et al., 2010) and CHD (Choi et al., 2008) have reported a positive correlation between the serum visfatin levels and insulin resistance; moreover, Chang et al. (2010) discovered a positive correlation between the visfatin mRNA expression in visceral adipose tissues and insulin resistance. The results of our study are in accordance with these results; that is, the IRI was positively correlated with the serum visfatin levels in patients with CAC, indicating the important role played by visfatin in the insulin-resistance mechanism. Additionally, previous studies have reported a positive correlation between the serum and mRNA levels of visfatin and abnormal TG and HDL-C levels, indicative of patients with obesity. However, in this study, we discovered that the TG levels were negatively correlated to the visfatin expression (although HDL-C was positively correlated with visfatin). We attribute this difference to the ethnicity of the subjects and the complex functions of visfatin, among others.
The complications associated with CHD have led to an increasing number of studies on the correlation between the pathogenesis of CHD and SNPs in genes such as Apo-I and ACEI (Raggi et al., 2003) . In this study, we focused on the rs61330082 and rs2058539 polymorphisms in the visfatin gene of patients with CAC from the Wenzhou region of China. Patients with CAC showed increased serum visfatin levels, indicating damage to the vascular endothelial function and the severity of CAC. The results indicated a correlation between the T allele of the rs61330082 SNP and CAC; this hinted at the cardioprotective effect of the T allele. On the other hand, we observed no direct correlation between the rs2058539 SNP and CAC.
Coronary angiography is the most common tool used to diagnose CHD; however, this method has several limitations, including a prohibitive cost and a long hospital stay. Moreover, several patients have been known to reject the option of a coronary angiography because of the risks involved. In this study, we propose the diagnosis of patients with CAC or CHD using a simple-screening method for the serum and genotype distribution of visfatin; in addition to predicting the severity of arteriosclerosis development, this method can be used to develop novel ethnically targeted therapeutic drugs, as well as to assist in the early detection and prevention of CHD.
This study has certain limitations: only two SNPs in the visfatin gene were analyzed, of which, we only confirmed the association of one SNP (rs61330082) with CAC; moreover, the small sample size and unvaried ethnicity of the study population could influence the representativeness of the results. Therefore, further comprehensive investigations must be conducted into the correlation between SNPs in the visfatin gene and CHD or CAC in the future, with a larger sample size.
